Preparative-scale separation of colistin sulphate bulk sample was carried out on a preparative poly(styrene-divinylbenzene) stationary phase. Isocratic elution with acetonitrilesodium sulphate solution (0.7% m/v; pH adjusted to 2.5 with TFA) -water (16 : 50 : 34, % v/v/v) was carried out at a flow rate of 4.0ml min"1. Six colistin componentswere isolated and characterized using *H and 13C NMR.The molecular weights were confirmed by mass spectrometry. The structures of 2 components were determined for the first time. Polymyxin E7 was identified as having the same composition as polymyxin E1? except that the fatty acid moiety was 7-methyloctanoic acid. Isoleucine polymyxin E8 was characterized as having the same composition as isoleucine polymyxin Ex with 7-methylnonanoic acid as the fatty acid moiety.
E^and colistin
B (polymyxin E2) are the major components and their structures were elucidated by Suzuki et al. after enzymic and chemical hydrolysis1>2). These structures were recently confirmed using fast atom bombardment (FAB) mass spectrometry after isolation by high-speed countercurrent chromatography3). Colistins have a general structure ( Fig. 1) 
L-leucine HA E7* * L-leucine 7-MOA Ile-E8* * L-isoleucine 7-MNA * Isolated compounds ** Newcompounds Dab, diaminobutyric acid; FA, fatty acid; 6-MOA, 6-methyloctanoic acid; 6-MHA, 6-methylheptanoic acid; OA, octanoic acid; HA, heptanoic acid; 7-MOA, 7-methyloctanoic acid; 7-MNA, 7-methylnonanoic acid.
the same as those of the main component colistin A or B except that one L-leucine was replaced by L-valine or l-isoleucine8).
In this study, isolation and purification of single colistin 
Results and Discussion
Preparative Separation of Colistin A preparative LC system using large bore PLRP-S stationary phase, developed for the separation of polymyxin B components was adapted for the isolation of colistin components with adjustment in the concentration of the organic modifier in the mobile phase. The mobile phase comprised acetonitrile -sodium sulphate solution (0.7% m/v; pH adjusted to 2.5 with TFA)-water (16: 50:34%, v/v/v) at a flow rate of4.0ml min"1. Detection was by UV at 215 nm. Colistin sulphate was dissolved in water to give a concentration of 60mg ml"1. This solution (500 ji\) was injected repeatedly for separation on preparative PLRP-S 1000A, 8,um, 250X12.5mm i.d. stationary phase. The eluates from each peak were collected and combined. After evaporation to dryness, the isolated fractions were desalted by transformation of the sulphates in aqueous solutions into the poorly soluble bases using ammoniumhydroxide. The salt-free base was transformed back to colistin sulphate in solution by neutralization using sulphuric acid and then evaporated to dryness at 40°C, under reduced pressure. Purified components of colistins A and B were obtained by re-chromatography under the same conditions as the first preparative chromatography. The minor colistin components, which were still very impure after the first chromatography, were purified by re-chromatography on semipreparative Supelcosil LC-ABZ C-18, 5 /xm, 250X l0mm i.d. column maintained at 30°C. The mobile phase comprised acetonitrile -sodium sulphate solution (0.7% m/v; pH adjusted to 2.5 with TFA)-water (20: 50:30, % v/v/v) at a flow rate of 4.0ml min"1. This base deactivated (BDS) stationary phase was found to be more selective than the polymer stationary phase. The amount of sample that 597 could be loaded onto the BDS stationary phase was, however less (5-7mg injected mass) than the amount loaded on the PLRP-S stationary phase. The eluent collected therefore contained less colistin, which could not precipitate by transformation of the sulphates in aqueous solutions into poorly soluble bases using ammonium hydroxide. The purified fractions were therefore desalted by n-butanol extraction at pH 10.0, adjusted with ammonium hydroxide. The eluents and the /i-butanol were cooled during the extraction procedures, in order to limit degradation of colistin under the basic conditions. After evaporation of the ft-butanol, the salt-free base was transformed back to colistin sulphate in solution by neutralization using sulphuric acid and then evaporated to dryness at 40°C, under reduced pressure.
Colistin was fractionated into 10 fractions, yielding only 6 compounds in sufficient amounts after re-purification.
From a total of 10g colistin sulphate injected mass, the yield for Ej and E2 was 3 g each, 0.2g Ile-E1? 50mg Val-E2, 20mg of an unknown compound later identified as E7 and lOO mg of an unknown compound later identified as Ile-E8.
A previously developed analytical LC method for separation of colistin components on YMC-PackPro C-18 stationary phase9) was used to examine the purity of isolated colistin components. The mobile phase comprised acetonitrile -sodium sulphate (0.7% m/v) -phosphoric acid (6.8% v/v dilution of phosphoric acid 85% m/m)-water (21.5:50:5:23 (4) 28.7(4) 28.5(5) 31.2(4) 28.3 (3) 28.2(3) 28.9(4) 31,7(8) 28.0(3)
28.6(5) 28.3 (3) 24.7(6' ) 24.6(6' ) 24.6(7' ) 21.4(7' ) 24.7 (7) 24.6(7) 24.6(8) 13.4(9) The numbers in parentheses represent the position of the carbons on the fatty acid (FA) moiety, always counted from the carbonyl group attached to the amino acid. 6' and T denotes the carbon atoms of the methyl group at position 6 or 7 on the fatty acid moiety.
The a, (3, y denote the position on the amino acids, the a carbon is linked to the carbonyl group forming the chain.
from 13C NMRspectroscopy. The assignments of the 13C NMR resonances, which allowed structural identification of colistin components, are summarized in Table 1 . The assignments for the different amino acid residues was greatly facilitated by use of the full DEPTtechnique, which divides the peaks into sub-spectra enabling clear interpretation. Only the signals of the amino acid and fatty acid carbons, which are different from those of the main colistin component, are shown in Table 1 . The isoleucine moiety of the compound isolated from peak 9 (Fig. 2) was characterized from the down field shifted a CHcarbon at 60.7ppm and the up field shifted CH2 carbon at 26.9ppm. The other signals were similar to those of El and therefore the structure of isoleucine polymyxin Ej (Ile-Ej) was confirmed as was previously proposed8\ For the compound isolated from peak 10 ( Fig. 2) , in addition to the presence of the isoleucine moiety, a 10-carbon fatty acid branched at JULY 2001 position 7 is present. The name isoleucine polymyxin E8 (Ile-E8) was proposed. Another new polymyxin E component was characterized from the 13C NMR data of the compound isolated from peak 12 (Fig. 2) . This component has the sameaminoacid composition as Ej except that its 9-carbon fatty acid is branched at position 7. Conditions: YMC-Pack Pro C-18, 5 /dm, 250X4.6mm i.d. maintained at 30°C. Mobile phase of acetonitrilesodium sulphate (0.7% m/v) -phosphoric acid (6.8% v/v dilution of 85% m/m phosphoric acid) -water (21.5 : 50 : 5 : 23.5, % v/v/v/v) at a flow rate of 1.0ml min"1. Detection was by UV at 215 nm. 2, valine polymyxin E2; 6, polymyxin E2 (colistin B); 7, valine polymyxin E^8, norvaline polymyxin Er; 9, isoleucine polymyxin E^10, isoleucine polymyxin E8; ll, polymyxin E{ (colistin A); 12, polymyxin E7; other peaks are of unknown identity.
Conclusion
Preparative-scale separation of colistin was successfully achieved on preparative PLRP-S and BDSreversed-phases with isocratic elution. The chromatographic purity was determined by analytical LC. Structural characterization of the purified single components was carried out using *H and 13C NMR.The molecular weights were confirmed by mass spectrometry. Two major components, colistin A (polymyxin E{) and colistin B (polymyxin E2), and two minor components (Val-E2 and Ile-Ej) were confirmed to have previously proposed structures. Two other minor components (E7 and Ile-E8) were isolated and characterized for the first time.
